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@ Magnetic toner. 

@ A magnetic toner comprises magnetic powder and a coat- 
ing layer to cover said powder, the layer being a reaction pro- 
duct between (1) a sllane coupling agent containing an amino 
group, an isocyanate group or an epoxy group and (2) one or 
more compounds having a functional group reactive with one 
of the reactive group on the silane coupling agent. A com- 
pound having a carboxyt group, an acid anhydride, an isocya- 
nate compound or a ketene dimer is used for the amino group. 
A compound having a hydroxyl group, an amine compound or 
a compound having a carboxyl group is used for the isocya- 
nate group. A compound having a hydroxyl group, a com- 
pound having a carboxyl group or a copolymer of a di- or mo-, 
noalkylamino-alkyl (meth)acrylate and a hydrophobic vinyl 
monomer is used for the epoxy group. The magnetic toner is 
improved about dispersibility in a binder. 
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MAGNETIC TONER 



The present, invention relates to a. magnetic toner 
used for developing an electric or magnetic latent 
image in an electrophotography or electrostatic 
printing method. 

There have been knovm various electrophotographic 
and electrostatic printihg methods as described in, 
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for example, "Gazo Denshi Gakkia-shi [5, No, 4, 175 
(19 76) ] . A generally employed process comprises 
forming an electric latent image on a photosensitive 
material containing a photoconductive substance by 
various means , developing the latent image with a 
toner, transferring, if necessary, the powder image 
of the toner onto a printing material such as paper 
and fixing the same by heating or by applying pres- 
sure or solvent vapor to obtain a copy. 

The developers include two-component toner 
developers comprising (1) a toner obtained by dis- 
persing a dye or a pigment in a synthetic resin, 
wax or natural resin and (2) a reduced iron or 
ferrite grain carrier and one— component toner 
developers comprising magnetic toners obtained by 
dispersing a magnetic powder such as magnetite 
powder in a synthetic resin, wax or natural resin* 

The one— component developing process has an 
advantage that a developing device having a simple 
and compact structure may be employed, since the 
carrier— free developer is used therein and, there- 
fore, the control of the mixing ratio of the carrier 
to the toner is unnecessary and ho operation of 
stirring the carrier and the toner to obtain a 
homogeneous mixture is particularly required. 
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Further., this process does not have a defect 
of reduction of the developed image quality due to 
deterioration of the carrier with time- 
However , it is required for obtaining the 
magnetic toner to homogeneously disperse the 
inorganic magnetic powder having a high surface 
energy in the resin or wax having a low surface 
energy. The homogeneous dispersion is, however, 
difficult, since the affinity of the magnetic 
powder with the resin is poor. Under these circum- 
stances, there have been proposed a process wherein 
the two components are kneaded together for a long 
time and a process wherein a kneader which requires 
a high kneading energy is employed for obtaining 
the homogeneous dispersion. However, the magnetic 
powder .cannot be dispersed uniformly. Further, 
even when the homogeneous dispersion is obtained, 
the magnetic powder might be separated from the 
toner when the blend is pulverized to obtain the 
toner or when the toner is used practically in a 
copying machine. The thus isolated magnetic powder 
damages the photosensitive material or exerts a 
harmful influence on the characteristics of the 
photosensitive material so that no stable image 
can be obtained* * 
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Various processes have been proposed for over- 
coming the above-mentioned defects of the magnetic 
toners. For example , there have been proposed a 
process wherein the surface of the magnetic powder 
is coated with an aliphatic compound having a 
melting point of 40 to 200 °C to improve the physical 
and chemical stabilities of the toner (Japanese 
Patent I»aid-Open No. 139745/1975) , a process wherein 
the surface of the magnetic powder is coated with 
an acrylic resin or styrene resin to prevent the 
reduction of the transfer efficiency in a high- 
humidity atmosphere (Japanese Patent Laid-Open No. 
130130/1979) and a process wherein the magnetic 
powder treated with a reactive si lane compound is 
dispersed in a copolymer! zable monomer and poly- 
merizing the monomer by suspension polymerization 
process to improve the dispersibility of the mag- 
netic powder in the resin and also to prevent the 
liberation of the magnetic powder from the toner 
(Japanese Patent L aid-Open No. 7646/1983) . However, 
it is still difficult to disperse the magnetic 
powder such as magnetite easily and uniformly in the 
resin or wax even by these processes. The bonding 
strength between the magnetic powder and the resin 
or wax is unsatisfactory'. 



5 



0124021 



After intensive investigations of magnetic 
toners under these circumstances, the inventors 
have found that a magnetic toner containing a 
magnetic powder homogeneously dispersed therein 
wherein the bonding strength between the magnetic 
powder and the resin or wax is high can: be obtained 
by coating the magnetic powder with a reaction 
product as defined below. The invention relates 
to a magnetic toner which comprises magnetic 
powder and* a coating layer to cover said powder 
which layer comprises a reaction product between 

(1) a silane coupling agent containing an amino* 
group, an isocyanate group or an epoxy group and 

(2) one or more compounds selected from the group 
consisting of the following compounds (I) through 
(X) having a functional group reactive with one 
of the above-mentioned groups, 

The compounds (I) to (IV) to react with the amino- 
containing silane coupling agent: 

(I) a compound haying a carboxyl group and a mole- 
cular weight of at least 10 0 , 
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(II) an acid anhydride having a molecular weight 
of at least 100 , 

(III) an isocyanate compound having a molecular 
weight of at least 100, and 

(IV) a ketene diraeir having 12 to 52 carbon atoms, 

The compounds to react with (V) to (VII) to react 
with the isocyanate-containing silane coupling 
agent : 

i 

( v ) a compound havihg a hydroxyl group and a molecular 

weight of at least lOO , 
l v D an amine compoursd having a molecular weight of 

at least lOO, and ; 
t VI1 ) a compound having a car boxy 1 group and a 
molecular weight of at least 100, 
The compounds to react with -(VIII) to (X) to react 
with the epoxy-containing silane coupling agent: 

(VIII) ;a compound having a hydroxyl group and a 
molecular weight of at least 100, 

(IX) a compound" having a. carboxyl group and a 
molecular weight of at least 100, and 

(X) a copolymer of a di-. or monoalkylamino- 
-alkyl (me th) aery late arid a hydrophobic vinyl 

monomer. 
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The amino group-containing silane coupling 
agents usable in the present invention include, for 
example, the following compounds: 

H 2 NC 2 E 4 NHC 3 H S Si(OCE 3^3' H 2 NC 2 H 4 NHC 3 E 6 Si(CH 3 } " 
(OCH 3 ) 2/ H 2 NC 3 H g Si(OC 2 H 5 ) 3 , H^CONHC^gSi- 

(OC 2 H 5 ) 3/ and H 2 N-HQ-Si(OCH 3 ) 3 . 

Though the above-mentioned compounds (I) to 

(IV) used in the present invention are not particu- 
larly limited, those which do not substantially 
react with the amino group-containing silane coupl- 
ing agent due to steric hindrance are excluded. 
Typical groups of the respective compounds (I) to 

(IV) and particular names of the compounds will be 
shown below (as for the isocyanate compounds, only 
the compound names will be shown) . 

(I) Compounds having a carboxyl group and a mole- 
cular weight of at least 100 z 
Compound groups : 

. higher fatty acids having 8 to 22 carbon atoms, 

homopolymers and copolymers of a , B-unsaturated 

carboxylic acids , 

copolymers containing a , B-unsaturated carbo- 
xylic acids - 
Examples of the compounds : 
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lauric acid , myristic acid, palmitic acid/ 
stearic acid, oleic acid, polyacryLic acid, 
. polymethacrylic acid, polymaleic acid, acrylic 
acid/maleic acid copolymer, maleic acid/ 
a-olef in copolymer and iaethacrylic acid/styrene 
copolymer, 

(II) Acid anhydri<IeS~ haying a molecular weiglit of 
at least 100 r : 

Compound groups z 

o acid anhydrides having 4 to 32 carbon atoms , 

o polymers of maleic anhydride, and 

o copolymers containing maleic anhydride . 

Examples of the compounds : 

octadecylsuccinic anhydride, dodecenylsuccinic 
anhydride, polymaleic anhydride, maleic 
anhydride/inethacrylic acid copolymer and 
maleic anhydride/a— olefin copolymer, 

(III) Isocyanate compounds having a molecular 
weight of at least 100: 

Examples of the compounds : 

diphenylmethane di isocyanate , tolylene diiso- 
cyanate , hexamethylene di isocyanate , compounds 
having a terminal isbcyanato group derived 
from polytetramethylene glycol and diphenyl- 
methane diisocyanatfe , compounds having a 
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terminal isocyanato group derived from 1 mol > 
of an ester having a terminal hydroxy 1 group 
(obtained from 1,4-butanediol and adipic acid) 
and 2 mol of tolylene diisocyanate , compounds 
having three isocyanato groups derived from 1 
mol of trimethylolpropane and 3 mol of diphenyl- 
me thane diisocyanate, and compounds having four 
isocyanato groups derived from 1 mol of penta- 
erythritol and 4 mol of tolylene diisocyanate* 

(IV) Ketene dimers having 12 to 52 carbon atoms : 

Compound groups : 

ketene dimers having the following, general 
formula : 

H 

R, - C - C = O 

1 I I 
R- - C = C - O 

H - 

wherein and R 2 represent each a hydrocarbon 
group having 4 to 24 carbon atoms. 
Examples of the compounds : 

octylketene dimer, octadecylketene dimer, 
eicosylketene dimer, octenylketene dimer, 
octadecenylketene dimer and dodecylphenyl- 
ketene dimer • 

The isocyanato group— containing silane coupling 
agents usable in the present invention include,- for ; 
example, the following compounds: 
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( C^O ) ^SiC^H^fHCOMJCgH^CO 
(CH^O) ^iC^g^^NHCONiKgH^CO 
(CH^O) ^iC^HgNHC^NHCONHCgl^^rCO 



CH-. 



CH 3 



(CgKgO) ^iC^HgNHCONH-^N 

1SICO 
CH 3 

( CH 3 0) jSIC^NHC^KHCONH-^^ 

NCO 

(C^O) ^iC^gNC^NHCgH^CO 
CH o CH_0H 

Though the above— mentioned compounds to 
(VII) , i.e. the compounds having a hydroxy group and 
a molecular weight of at least 100 T the amine compounds 
having a molecular weight of at least 100 and the 
compounds having a carboxyl group ?rtd a molecular 
weight of at least 100, used in the present invention 
are not particularly limited, those which do not 
substantially react with the above-mentioned si lane 
coupling agent due to steric hindrance are excluded. 
Typical groups of the respective compounds (y) "to 
(VII) ^ and particular names of the compounds will be 
shown below. 
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(V) Compounds having a hydroxy! group and a molecular 
weight of at least 100: 
Compound groups : 

higher alcohols having 8 to 22 carbon atoms , 
phosphates of the general formula: 
(RO) ^OCOH)^ 
wherein R represents an alkyl or alkenyl . group and 
-^ represents a number of 1, 1.5 or 2, 
phosphates of the general formula: 
[R0(A0) n ]^0(0H) 3- ^ 
wherein R represents an alkyl or alkenyl group, 
A represents an alkyl ene group having 2 to 4 
carbon atoms , £ represents a number of 1, 1.5 or 
2 and n represents an integer of 1 to 30, 
phosphates of the general formula: 
[RC00(A'0) n ]^P0(0H) 3 _/ 
wherein R, A, -6 and n have the same meaning as 
above, 

partial esters of polyhydric alcohols. with fatty acids, 
homopolymers and copolymers of monomers having a 
copolymerizable double bond and a hydroxyl group in 
t±ie molecule, or 

copolymers containing a monomer having a copolymerizable 
double bond and a hydroxyl group in the molecule. 
Examples of the compounds : 
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lauryl alcohol, myristyl alcohol, palmityl alcohol, 
stearyl alcohol, monododecyl phosphate, didodecyl 
phosphate, sesquidodecyl phosphate, sesquipropyl 
phosphate , s esquidodecylpolyoxyethylerie( 3) 
phosphate , monooctadecylpolyoxyethylsieC 5) 
phosphate, sesqUidodecylpolyoxypropyleae(9) 
phosphate, [C^a^ 3 CCO(CH 2 CH 2 0) 10 ] 1 ^ 5 P0(QH) 1/5 , 
C 17 H 35 C00(CH 2 C3I 2 0) 15 PO(QH) 2 , 

[c^^COOCC^CH^) 2)^°^ QH ) 7 po lyfaydr oxyle thyl 
methacrylate and hydroxy e thyl me thacry late/me thyl 
acrylate copolymer. 
(VI) Amine compounds having a molecular weight of .at 

least IOO : 

Compound groups : 

o primary, secondary and tertiary amines of "Hie general 
formulae: 

R R \ * " 

R-NH 2 , ^> NH and R f N 

wherein R, R 1 and R" represent each an alkyl 
group , and 
o p o ly alkyl enep o ly amines . 
Examples of the compounds : 

s tearylamine , dihexadecylamine, tridecylamine and 
di ethylenetri amine. 
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(VXI ) Compounds having a carboxyl group and a molecular 
weight ,of at least 100: 
Compound groups : 

O higher fatty acids having 8 to 32 carbon atoms, 
o homopolymers of a vinyl monomer having a carboxyl 
group, 

O copolymers containing a vinyl monomer having a 

carboxyl group f 
O compounds having a terminal . carboxyl group obtained 

from 1 mol of a diol and 2 mol of a dicarboxylic acid. 
Examples of the compounds : 

caproic acid, myristic acid, stearic acid, poly- 
methacrylic acid, methacrylic acid/lauryl methacrylate 
copolymer and an ester having a terminal carboxyl 
• group obtained by an esterif ication reaction of 1 
,mol of ethylene glycol and 2 mol . of adipic acid* 

The epoxy group- containing silane coupling 
agents usable in the' present invention include , 
for example , the following compounds : 

CH 9 -CH-CH o -0-C o H c Si (0CH-) , 
O 

oC ^pCH 2 CH 2 Si(OCH 3 ) 3 . 

Though the above-mentioned compounds (VIII) to 
(X) used in the present invention are not parti- 
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cularly limited, those which do not substantially 
react with the epoxy group— containing si lane coupl- 
ing agent due to steric hindrance are excluded* 
Typical groups of the respective compounds (VIII) to 
(X) and particular names of the compounds will 
be shown below. 

(vttt) Compounds having a hydroxy 1 group and a mole— 
cular weight of at least 100: 
Confounds : 

higher alcohols having 8 to 22 carbon atoms. 
Ex amp les o f the compounds : 

lauryl alcohol, paltimyl alcohol and stearyl 

alcohol. 

(XX) Compounds having a carboxyl group and a mole- 
cular weight of at least 100 1 . 
Compounds : 

higher fatty acids .having 8 to 32 carbon atoms. 

Examples of the compounds : 

lauric acid, palmitic acid,_ myristic acid, 
stearic acid, '-oleic acid and linoleic acid, 
(X) Copolymers of a di- or monoalky laminoalky 1 

(meth) aery late with a hydrophobic vinyl monomer: 

Conrpo"Ttds : 

- * ; copolymers comprising 5 to 50 molar % of a 
di- or monoalkyl amino a Iky 1 (meth) aery late 
and 50 to ?5 molar % of a hydrophobic vinyl 
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monomer. 

The di- or monoalkylaminoalkyl (meth) - 
acrylates include, for example, dime thy 1~ ' 
aminoethyl (meth) aery late, dime thy lamincme thy 1 
(meth) aery late, diethylaminopropyl (meth) - 
acrylate and N-tert-butylaminoethyl (meth)- 
aery late. 

The hydrophobic vinyl monomers .include, - - 
for example, (meth) acrylates , a^-olefins, 
styrene , acrylonitrile and butadiene . 

The copolymers of the dialkylaminoalkyl 
(meth) acrylate and the hydrophobic vinyl 
: monomer contain preferably at least 5 molar % 
of the a Iky 1 amino alley 1 (meth) acrylate. When 
the amount of the (meth) acrylate is less than 
'5 molar %, the bond with the epoxy group is 
insufficient. 
Examples of the compounds ; 

dime thy 1 aminoe thy 1 methacrylate (DMAEMA) /hexyl 
methacrylate (HM2L) copolymer (DMAEMA/HMA molar 
"ratio: 5/95), dimethylaminoethyl methacrylate 

(DMAEMA) /styrene (St) copolymer (DMAEMA/St 
'molar ratio: 15/85) and N-tert-butyl aminoethyl 
methacrylate (MZLTBAE) /hexyl methacrylate (HMA.) 
copolymer (M2VTBAE/HMA molar ratio: 5/95) . 
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Processes far preparing the magnetic powder 
coated with the reaction* product of the amino 
group-containing silane coupling agent and the 
compound (s) selected from the above— mentioned com- 
pounds (I) to (IV). are not limited in the present 
invention. The processes are, for example, as 
follows : 

a) a process wherein the magnetic powder (i) is 
heat-treated, with the amino group- containing silane 
coupling agent (ii) in an inert organic solvent and 
then with one or more compounds (iii) selected from 
the group consisting of the above-mentioned com- 
pounds (I) to (IV) 

b) a process wherein the above-mentioned compounds 
(i) , (ii) and (iii) are mixed together at once in 

an inert organic solvent and the mixture is heat- 
treated, and 

c) a process wherein the c om pound (ii) is reacted 
with the compound (iii) in an inert organic solvent, 
then the compound (i) is added to the reaction pro- 
duct and the mixture is heat-treated. 

The amount of the amino group-containing silane 
coupling agent used in the present invention is 
about 0.1 to 5 wt.%, preferably about 0.5 to 1.5 
wt>%, based on the magnetic powder. The amount of 
the compound (s) selected from the group consisting 
of the above— mentioned compounds (I) to (IV) is 2 
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to 4 parts by weight per part by weight of the 
amino group-containing silane coupling agent. 

The inert solvents usable in the treatment 
of the magnetic powder include, for example , 
benzene, toluene, xylene, methyl ethyl ketone, 
methyl isobutyl ketone, diethyl ketone and cyclo- 
hexanone. The amount of the solvent is not parti- 
cularly limited and it is controlled so as to 
obtain a suitable viscosity of the reaction mixture. 

The magnetic powders usable in the production 
of the magnetic toners of the present invention 
include all of magnetic materials used for the 
production of magnetic toners in the prior art. 
They include, for example, powdered magnetite, 
ferrite, iron, nickel and cobalt. 

An important feature of the present invention 
is that the magnetic powder is coated with the 
reaction product of the amino group- containing 
silane coupling agent and the compound (s ) selected 
from the group consisting of the above-mentioned 
compounds (I) to (IV) having a functional group 
reactive with the amino group. When the magnetic 
powder is coated with a reaction product obtained 
from a compound unreactive with the amino group , 
no magnetic toner having' satisfactory performance 
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can be obtained. 

The following examples will further illustrate 
the present invention, which by no means limit the 
invention. In the following examples and compara- 
tive examples, parts are given by weight. 

Each of magnetic toner obtained in the 
below mentioned examples and comparative 
examples was examined in respect to dispers ability 
in resin, dispersibility in max and separation. 
Before reference to examples, methods of preparing 
magnetic toner and methods of examination are 
shown. * 

Preparation of magnetic toner (1) i 

55 parts of the surf ace— coated magnetite 
obtained as above was mixed with 45 parts of a 
bisphenolic polyester resin (Newtlac 382A; a 
product of Kao Soap Co., Ltd.). The resulting 
mixture was kneaded by passing the same once 
through a twin extruding kneader, then roughly 
pulverized by means of a pulverizer (registered 
trade name: Pulverizer) of Hosokawa Micron Co., 
Ltd. and finely pulverized by Tn^ang of a gas stream 
jet mill. The resulting fine powder was shaped 
into globules with hot air at 230°C and classified. 
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by means of a cyclone to obtain a magnetic toner 
having an average particle size of 12 to 13 ym. 
Preparation of magnetic toner (2) : 

60 parts of the surf ace-coated magnetite was 
mixed with 40 parts of polyethylene wax having a 
melting point of 108°C. The resulting mixture- was 
treated in the same manner as in the above-mentioned 
process for the preparation of magnetic toner (1), 
to obtain a magnetic toner having an average particle 
diameter of • 12 to 13 urn. 
Preparation of magnetic 'toner (3) : 

80 parts of the above-mentioned f surface- 
coated magnetitie was mixed with 20 parts of methyl methacrylat* 
(MMA) / styrene (St) copolymer (MMA/St molar ratio: 
50/50; molecular weight: 20,000). The resulting 
mixture was treated in the same manner as in the 
above-mentioned process for the preparation of 
magnetic toner (1) to obtain a fine powder/ The 
powder was granulated with hot air at 250 °C and 
classified by means of a cyclone to obtain a mag- 
netic toner having an average particle size of 
25 urn. - 

In the preparation (3) , the copolymer 
having a molecular weight of 20,000 was used 
with regard to Examples 1 through 7 and 
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Comparative Examples 1 to 3. That having a 
molecular weight of 700,0(30 was used in 
respect to Examples 8 through 15 and Comparative 
Examples 4 and 5. That having a molecular 

weight of 200,000 was used in connection "with 
Examples 16 through 18 arid Comparative Examples 
6 and 7. 

Evaluation of digpersibility of magnetic powder ; 

A given amount of each of the magnetic toners 
obtained by the above-mentioned processes (1) and 

(2) was placed on a sheet of white paper and the 
state of the dispersion of the magnetic powder was 
observed by means of a microscope. The results 
were represented by three ranks of 1 to 3 , 3 mean- 
ing that uneven distribution of magnetite was not 
recognized at all (high dispersibility ) and 1 
meaning that the uneven distribution of magnetite 
could be recognized clearly and in a large amount 

(poor dispersibility) - The results are shown in 
Table 1. 

Evaluation of separation of magnetic powder : 

The magnetic toner obtaijned by the above- 
mentioned process (3) was stirred in a magnetic 
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brush unit for test for 8 h. The amount of the 
magnetite separated from the magnetic toner was 
examined. The results "were represented by five 
ranks of 1 to 5,5 meaning that the separation of 
the magnetite was not recognized at all (good) and 
1 meaning that substantially the whole of magnetite 
was separated (bad). The results aire shown in 
Table 1. 

Example 1 

100 parts of a" magnetite (EPT-500; a product 
of Toda Kogyo Co/), 300 parts of toluene/ 1 part 
of H 2 NC 3 H 6 Si (OC 2 H 5 > 3 and 3 parts of stearic acid 
were charged in a four-necked flask provided with 
a condenser and stirred at 80°C for 2'h. Then, 
the magnetite was washed with a large amount of 
toluene and dried. 

Example 2 

A surf ace— coated magnetite was obtained in the 
same manner as in Example 1 except that stearic acid 
was replaced with 3 parts of a maleic acid (MA)/ 
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methacrylic acid (MEA) copolymer (MA/MEA molar 
ratio: 50/50; molecular weight: 950). Three kinds 
of magnetic toners were prepared by using the 
surf ace— coated magnetite in the same manner as in 
Example 1. The dispersibilities and separation 
conditions of the magnetite were evaluated in the 
same manner as in Example 1- The results axe 
shown in Table 1- 
Ex ample 3 

A surface-coated magnetite was obtained in 
the same manner as in Example 1 except that stearic 
acid was replaced with 3 parts of dodecenylsuccinic 
anhydride. Three kinds of magnetic toners, were 
prepared by using the s urf ace- coated magnetite in 
the same manner as in Example 1. The dispersibil- 
ities and separation conditions of the magnetite 
were evaluated in the same manner as in Example 1. 
The results are shown in Table 1. 
Example 4 

A surf ace— coated magnetite was obtained in the 
same manner as in Example 1 except that stearic 
acid was replaced with 3 parts of Diacarna 30 
(an a— olef in/maleic anhydride copolymer of 
Mitsubishi Chemical Industries, Ltd.).- Three kinds 
of magnetic toners were prepared by using the 
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surface-coated magnetite in the same manner as in 
Example 1. The dispersibilities and separation 
conditions of the magnetite were evaluated in the 
same manner as in Example 1- The results are 
shown in Table 1. 
Example 5 

A surf ace- coated magnetite was obtained in 
the. same manner as in Example 1 except that the 
silane coupling agent was replaced with 1 part of 
a silane coupling agent of the formula: 
H 2 NC 2 H 4 NHC 3 HgSi (OCH 3 ) 3 and stearic acid was re- 
placed with 3 parts of 4 , 4 ' -diphenylmethane diiso- 
cyanate. Three kinds of magnetic toners were pre- 
pared by using the surf ace— coated magnetite in the 
same manner as in Example 1. The dispersibilities 
and separation conditions of the magnetite were 
evaluated in the same manner, as in Exainple 1- The 
results are shown in Table 1. 
Example 6 

100 parts of Teracol 1000 (poly tetrame thy lene 
glycol of du Pont, having a molecular weight of 
1000) was reacted with 50 parts of 4 , 4 ' -diphenyl- 
methane diisocyanate to obtain a compound having a 
terminal isocyanate group. A surface-coated mag- 
netite was obtained in the same manner as in 
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Example 1 except that stearic acid was replaced 
with 4 parts of the isocyanato group- containing 
compound. Three kinds of magnetic toners were 
prepared by using the surf ace— coated magnetite in* 
the same manner as in Example 1. The dispersibil-' 
ities and separation conditions of the magnetite 
were evaluated in the same manner as in Example 1. 
The results are shown in Table 1. 
Example 7 

A surf ace- coated magnetite was obtained in the 
same manner as in Example 1 except that stearic 
acid was replaced with 3.5 parts of octylketene 
dimer. Three kinds of magnetic toners were pre- 
pared by using the surface— coated magnetite in the 
same manner as in Example 1. The dispersibilities 
and separation conditions of the magnetite were 
evaluated in the same manner as in Example 1 • The 
results are shown in Table 1. 
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Example 8 

- 100 parts of a magnetite (EPT-500; a product of 
To da Kogyo Co.), 300 parts of toluene, 1 part of 
,(C 2 H 5 0)^SiC^H^IHCQNHCgH 1 ^IC0 (a silane coupling 
agent) arxi 3 parts of stearyl alcohol were charged in 
a four-necked flask provided with a condenser and 
stirred at 80°C for 2 h. Then, the magnetite was 
washed with a large amount of toluene and dried* 

Example 9 

A surface-coated magnetite was obtained in the 
same manner as in Example 8 except that stearyl alcohol 
was replaced with 3 parts of stearylamine* Three kinds 
of magnetic toners were prepared by using, the surface- 
coated magnetite in fee same maimer as in Example 8 - 
The dispersibilities and separation conditions of the 
magnetite were evaluated in the same manner as in . 
Example 8 - v< The results are shown in Table 1, ; 
Example 10 

A surface-coated magnetite was obtained in the 
same manner as in. Example 8 except that stearyl 
alcohol was replaced with 3 parts of hexadecylamine. 
Three kinds of magnetic toners were prepared by using 
the surf ace— coated magnetite in the same manner as 
in Example 8 The dispersibilities and separation 
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conditions of the magnetL te were evaluated in the 
same manner as in Example 8 , The results are shown 
in Table 1, 
Example 11 

A surf ace— coated magnetite was obtained in the 
same m an n er as in Example 8 except that stearyl alcohol 
was replaced with 3 parts of sesquihexadecyl phosphate. 
Three kinds of magnetic toners were prepared by using 
the surf ace— coated magnetite in the same manner as in 
Example 8 . The dispersibilities artH separation condi- 
tions of the magnetite were evaluated in the same 
m ann er as in" Example 8 The results are shown in 
Table 1. 
Example 12 

A ,surf ace— coated magnetite was obtained in the 
same manner as in Example 1 except that s tear yl alcohol 
was replaced with 3 parts of monododecylpolyoxy ethylene 
(5) phosphate. Three kinds of magnetic toners were 
preparred by using the surf ace— coated magnetite in the 
same manner as in Example 8 . The dispersibilities anH 
separation conditions of the magnetite were evaluated 
in the same manner as in Example 8 . The results are 
shown in Table 1. 
Example. 1 3 

A surf ace— coated magnetite was obtained in the 
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same manner as in Example 8 except that stearyl alcohol 
was replaced with 3 parts of a phosphate of the formula: 
[C 11 H 25 C00(CH 2 CH 2 0) 10 ] 1 5 PO(OH) 1 g.. Three kinds of 
magnetic toners were prepared by using the surface- 
coated magnetite in the same manner as in Example 8 . 
The dispersibilities and separation conditions of the 
magnetite were evaluated in the same manner as in 
Example 8. The results are shown in Table 1. 
Example 14 

100 parts of the same magnetite as in Example 8 , 
500 parts of toluene, 1 part of a silane coupling agent 
of the formula: - NC0 



(C^Oj^SiC^gNHCONH-^^ , and 3 



CH 5 

parts of a styrene (St)/methyl methacrylate (MMA)/ 
hydroxy ethyl aery late (HEA.) copolymer (St/f^/HEA. molar 
ratio: 60/20/20; molecular weight: 25,000) were charged 
in a four-necked flask provided with a condenser and 
stirred at.80°C for 2 h. Then, the same procedure as 
in Example 8 was repeated to obtain a surface— coated 
magnetite* Three kinds of magnetic toners were pre- 
pared by using the surface-coated magnetite in the 
same manner as in Example 8. The dispersibilities 
and separation conditions of the magnetite were 
evaluated in the same manner as in Example 8 . The 
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results are shown in Table 1. 
Example 15 

100 parts of -the same, magnetite as in Example 8 , 

1 part of the same silan e coupling agent as in Example 
8 , 300 parts of toluene and 3 parts of a methacrylic 
acid (MMA) /lauryi methacrylate (LMA) copolymer (MMA/ 
LMA molar ratio: 20/80; molecular weight: 2400) were 
charged in a four— necked flask provided with a condenser 
and stirred at 90° C for 3 h. Then, i±ie same procedure 
as in Example 8 was repeated to obtain a surface- 
coated magnetite. Three kinds of magnetic toners 

were prepared by using the surf ace— coated magnetite 
in the same manner as in Example 8 . Hie dispersibilities 
and separation- conditions of the magnetite were evalua- 
ted in the same manner as in Example "8 . The results 
are shown in Table 1. M 

Example 1 6 

100 parts of a magnetite (EPT-500 ; a product 
of Toda Kogyo Co.), 300 parts of toluene, 1 part 
of CH 2 -CH-CH 2 ~°" C 3 H g si ^ OCH 3 J 3 (sn epoxy group- 

containing silane coupling agent) and 3 parts of 
stearyl alcohol were charged in a four-necked flask 
provided with a condenser and stirred at 80 °C for 

2 h. Then, the magnetite was washed with a large 
amount of toluene and dried. 
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Example 17 

A surf ace— coated magnetite was obtained in 
the same manner as in Example 1 6 except that stearyl , 
alcohol was replaced with 3 parts of stearic acid. 
Three kinds of magnetic toners were prepared by 
using the thus surf ace- coated magnetite in the same 
manner as in Example 16. The dispersibilities and 
separation conditions of the magnetite were; evaluated 
in the same manner as in Example 1 6. The results 
are shown in Table 1. 
Example 18 

A surf ace-coated magnetite was obtained in 
the ,same manner as in Example .j 6. except that stearyl 
alcohol was replaced with .3 parts of dimethyl- - 
aminoethyl methacrylate (DMAEMA) /hexyl* methacrylate 
(HMA) copolymer (DMAEMA/HMA molar ratio: 5/95; 
molecular weight: 2000). Three kinds of magnetic 
tonexs -were prepared by using the surf ace— coated 
magnetite in the same manner as in Example 16. The 
dispersibilities and separation conditions of the 
magnetite were evaluated, in the same manner as in 
Example 16, The results are shown in Table 1. 
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Comparative Example 1- 

Tfcoree kinds of magnetic toners were prepared 
in the same wannpr as in Example L except that the 
same magnetite as in Example 1 was used directly 
without the surface coating. The dispersibilities 
and separation conditions of the magnetite were 
evaluated in the same manner as in Example 1. The 
results are shown in Table 1. 
Comparative Example 2 

A magnetite surf ace- treated with only a silane 
coupling agent was prepared from the same magnetite 
and silane coupling agent as in Example 1 in the 
same manner as in Example 1. Three kinds of mag- 
netic toners were prepared from the surface-treated 
magnetite in the same manner as in Example 1. The 
dispersibilities and separation conditions of the 
magnetite were . evaluated in "the same manner as in 
Example 1. The results are shown in Table 1- 
Comparative Example 3 

A magnetite surf ace- coated with a silane 
coupling agent and a copolymer was prepared in the 
same manner as in Example 1 except that stearic 
acid was replaced with 3 parts of a methyl meth- 
acrylate (MMA) /styrene (St) copolymer (MKA/Sfc molar 
ratio: 30/70; molecular weight: 10 0,000} unreactive 
with amino group-containing silane coupling agents. 
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Three kinds of magnetic toners were prepared from 
the surf ace- coated magnetite in the same manner as 
in Example 1. The dispersibilities and separation 
conditions of the magnetite were evaluated in the 
same manner as in Example 1- The results are shown 
in Table 1. ' 
Comparative Example 4 

A magnetite surf ace— treated with only a si lane 
coupling agent was : prepared from 100 parts of the same 
magnetite as Example 8, 30 parts of toluene and 
the same silane coupling agent as in Example 8 in a 
f our-necked flask provided with a condenser in the 
same manner as in Example 8. Three kinds of magnetic 
toners were prepared from the surface-treated magnetite 
in the same manner as in Example 8. The dispersibilities 
and separation conditions of the magnetite were 
evaluated in the same manner as in Example 8 . The 
results are shown in Table 1, 
Comparative Example 5 - 

A magnetite surf ace— coated with a silane coupling 
agent and polymethyl methacryiate was prepared in the 
same manner as in Example 8 except that stearyl alcohol 

was replaced with polymethyl methacryiate ( molecular - 
weight: 100 ,000) unreactive with isocyanato group. 
Thr ee kinds of magnetic toners were prepared from the 
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surf ace— coated magnetite in the same manner as in 
Example 8. The dispersibilities and separation condi- 
tions of the magnetite were evaluated in the same manner 
as in Example 8.. The results are shown in Table 1 - 

Comparative Example 6 

A magnetite surf ace- treated with only a si lane 
coupling agent was prepared from 100 parts of the 
same magnetite as in Example 16 , 300 parts of toluene 
and the same silane coupling agent as in Example 16 
in a four-necked, flask provided with a condenser in 

the same manner as in Example 16 . Three kinds of 
magnetic toners were prepared from the surface- 
treated magnetite in the same manner as in Example 
16 . The dispersibilities and separation conditions 
of the magnetite were evaluated in the same m a nn er 

as in Exanple 16 - The results are shown in Table 1- 

* 

Comparative Example 7 

A magnetite sur face-coated with a silane coupl- 
ing agent and an epoxy resin was prepared in the 
same manner as in Example 16 except that stearyl 
alcohol was replaced with 3 parts of an epoxy resin 
(Epikote 828; a product of Shell International 
Chemicals Corp.) unreactive with the epoxy group. 
Three kinds of magnetic toners were prepared from 
the surface-coated magnetite in the same manner as 
in Example 16 - The dispersibilities and separation 
conditions of the magnetite were evaluated in the 
same manner as in Example 16 - The results are shown 
in Table 1- 
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The embodiments of the invention in which an 
exclusive property or privilege is claimed are 
defined as follows: 

-1- 

A magnetic toner which comprises magnetic 
powder and a coating layer to cover said powder 
which layer comprises a reaction product between 

(1) a silane coupling agent containing an amino 
group , an isocyanate group or an epoxy group and 

(2) one or more compounds selected from the group 
consisting of the following compounds (I) through 

(X) having a functional group reactive with one 
of the above— mentioned groups, 

The compounds (I) to (IV) to react with the amino- 
containing silane coupling agent: 

(I) a compound having a carboxyl group and a mole- 
cular weight of at least 100, 

(II) an acid anhydride having a molecular weight 
of at least 100 , 

(III) an isocyanate compound having a molecular 
weight of at least 100 , and 

(IV) a ketene dimer having 12 to 52 carbon atoms, 
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The compounds to react with (V) to (VII) to react 
with the isocyanate-containing silane coupling 
agent : 

(V) a compound having a hydro xyl group and a molecular 

weight of at least 100, 
( VI * an amine compound having a molecular weight of 

at least 100, and 

(VII) a compound having a carboxyl group and a 
molecular weight of at least 100 r 

The compounds to react with (VIII) to (X) to react 
with the epoxy-containing silane coupling agent: 

(VIII) a compound having a hydroxy 1 group and a 
molecular weight of at least 100, 

(IX) a compound having a carboxyl group and a 
molecular weight of at least 100, and 

(X) *. a copolymer of a di- or monoalkylamino- 

alkyl (me th) aery late and a hydrophobic vinyl 
monomer. 

-2- 

A magnetic toner as claimed in Claim 1 , ' in 
which said coating layer comprises (1) a reaction 
product between the amino-containing silane coupling 
agent and (2) one or more compounds (I) to (IV) . 
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-3- 



A magnetic toner as claimed in Claim 1 , in 
which said coating layer comprises a reaction product 
between (1) the isocyanate -containing silane coupling 
agent and (2) one or more compounds (V) to (VII) . 



A magnetic toner as claimed in Claim 1 , in 
which said cotaing layer comprises a reaction product 
between (1) the epoxy-containing silane coupling 
agent and (2) one or more compounds (VIII) to (X) . 

-5- 

A magnetic toner as claimed in claim 1 , in which 
the silane couplings agent is 



-4- 




.( C 2 H 5 0) ^SiCjHgNHCONHCgH^CO 

( CH 3 0) ^SiC^HgNHC ^NHCONHC gH^NCO 

C CH 3 0) 2 SiC 5 H 6 NHC 2 H 4 NHC0NHC gH^CO 



CH^ 



( C^O ) 3 Si C^gNHCONH-ZQ 

" ICO 
CH, 

( CH^O) 3 SiC 3 HgNHC 2 H 4 tJHCONH-^^ 

NCO 

( C^O) ^SiC^gNC^NHCgH^NCO 
CH 2 CH 2 0H A 



CT 2 -CH-CH 2 -0-C 3 H 6 S.i (OCH 3 ) 3 and/or 



o=0" CH2CH2Si( ° CH3)3 * 
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-6- 

A magnetic toner as claimed in claims 1 or 2, 
wherein the compounds (I) are 

higher fatty acids having 8 to 22 carbon atoms f 
homopolymers and copolymers of a, B -unsaturated 
carboxylic acids , 

copolymers containing a,B-unsaturated carbo- 
xylic acids , 

and the compounds (II) are 

acid anhydrides having 4 to 32 carbon atoms , 
polymers of maleic anhydride, and 
copolymers containing maleic anhydride. 

-7- 

A magnetic toner as claimed in claims 1 or 3 , 
wherein the compounds (V) are 

higher alcohols having 8 to 22 carbon atoms, 
phosphates of the general formula: 
(RO) ^P0(0H) 3 ^ 
wherein R represents an alkyl or alkenyl group and 
-0 represents a number of 1, 1.5 or 2, 
phosphates of the general formula: 
[RO(AO) n ] -g PO(OH) 3 ^ 
wherein R represents an alkyl or alkenyl group, 
A represents an alkylene group having 2 to 4 
carbon atoms, A represents a number of 1, 1.5 or 
2 and n represents an integer of 1 to 30, 
.phosphates of the general formula: 
[RC00(A'0) n ]^P0(0H) 3 ^^ " 
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wherein R, A, A and n have the same meaning as 
above, 

..partial esters of polyhydric alcohols with fatty acids, 
homopolymers and copolymers of monomers having a 
copolymerizable double bond and a hydroxyl group in 
the molecule, or 

copolymers containing a monomer having a copolymerizable 
double bond and a hydroxyl group in the molecule ; 

the compounds (VI) are 

primary , secondary or tertiary amines or poly- 
alkylen polyamines and 
the compounds (VII) are 

higher fatty acids having 8 to 32 carbon atoms, 
homopolymers of a vinyl monomer having a carboxyl 
group, 

copolymers containing a vinyl monomer having a 
carboxyl group , or . 

compounds having a terminal carboxyl group obtained - 
from 1 mol of a diol and 2 mol of a dicarboxylic acid, 

-8- 

A magnetic toner as claimed in claims 1 or 3 
wherein the compounds (VIII) are alcohols having 8 to 22 
carbon atoms and the compounds (IX) are fatty acids 
having 8 to 32 carbon atoms. 
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-9- 

Method for preparing the magnetic toner according 
to one of the claims 1 to 8 , 
characterized in that, 

a magnetic powder is heat-treated with a rection product 
between a silane coupling agent containing an amino 
group, isocyanate group or epoxy group and one or more 
of the compounds (I) to (X) having a functional group 
reactive with one of the reactive groups on the silane 
coupling agent, and 

wherein the silane coupling agent is used in an 
amount of 0,1 to 5 wt. %• 
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